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(54) Magnetic core for xdsl modem transformer and composition 



(57) A magnetic core composition for an xDSL mo- 
dem transformer having a main component comprised 
of MnO: 22.0 to 34.5 mol% and ZnO: 12.0 to 25.0 mol% 
and the rest of substantially Fe 2 0 3 . With a magnetic 



core for a transformer made of this composition, the 
THD of the transformer becomes not more than -80 dB 
in a broad frequency band, so this can be used advan- 
tageously as the magnetic core for an xDSL modem 
transformer. 
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Description 

[0001] The present invention relates to a magnetic core of a transformer used in a high speed data communications 
modem in a digital subscriber line such as an asymmetric digital subscriber line (ADSL) or VDSL (in general called an 
5 ■xDSL") and a composition of the same, more particularly relates to an Mn-Zn-based ferrite magnetic core for a trans- 
former with a superior total harmonic distortion (THD) of the transmission wavelorm at the time of data communication 
in a broad frequency band and a composition of the same. 

[0002] In recent years, in the field of electronics, equipment has been required to be made smaller in size, smaller 
in thickness, and improved in performance. Further, in the field of communications equipment, the impedance of the 

w primary coil in the pulse transformer for interfacing with the Integrated Services Digital Network (ISDN) etc. has to be 
increased in a broad frequency banc to improve the transmission characteristics. Therefore, the primary coil is required 
to have a high inductance. The 1.4J0 and other standards of the ITU (International Telecommunications Union)-T 
required that at least 20 mH be secured for the inductance of the primary coil of the pulse transformer. 
[0003] Further, to reduce the size and thickness of electronic equipment in this way, the transformer has to be made 

is smaller and thinner. Therefore, the necessary inductance is being secured by increasing the magnetic permeability of 
the material of the magnetic core used for the transformer (Japanese Unexamined Patent Publication (Kokai) No. 
6-263447, Japanese Unexamined Patent Publication (Kokai) No. 7-94314, Japanese Unexamined Patent Publication 
(Kokai) No. 7-169612, Japanese Unexamined Patent Publication (Kokai) No. 7-211530, Japanese Unexamined Patent 
Publication (Kokai) No. 7-278764, Japanese Unexamined Patent Publication (Kokai) No. 7-297034, Japanese Unex- 
v 20 amined Patent Publication (Kokai) No. 8-85821 , Japanese Unexamined Patent Publication (Kokai) No. 8-97045, Jap- 
anese Unexamined Patent Publication (Kokai) No. 9-246034, Japanese Unexamined Patent Publication (Kokai) No. 
1 0-1 2447, and Japanese Unexamined Patent Publication (Kokai) No. 1 0-3351 30), reducing the thickness of the trans- 
former (Japanese Unexamined Patent Publication (Kokai) No. 7-201582, Japanese Unexamined Patent Publication 
(Kokai) No. 7-201585, Japanese Unexamined Patent Publication (Kokai) No. 7-201588, Japanese Unexamined Patent 

25 Publication (Kokai) No. 7-201589, and Japanese Unexamined Patent Publication (Kokai) No. 7-201590), mirror-pol- 
ishing the bonding surfaces in the case of a split-type magnetic core such as an EE shape (Japanese Unexamined 
Patent Publication (Kokai) No. 9-246034), etc. 

[0004] Even in a transformer of a modem used for connecting a telephone line transmitting an analog signal and a 
data terminal or computer handling a digital signal, a similarly high inductance is required (Japanese Unexamined 

30 Patent Publication (Kokai) No. 11-176643 and Japanese Unexamined Patent Publication (Kokai) No. 11-186044). 

[0005] Due to the rapid spread of the Internet, however, demand has risen for communication systems enabling 
higher speed communication of large quantities of data compared with the prior art New communication systems such 
as ADSL have been developed. ADSL requires a modem for converting between a digital signal and analog signal. 
[0006] ADSL technology has a much higher transmission speed than in the past, that is, 16 to 640 kb/s for uplink 

35 signals and 1 .5 to 9 Mb/s for downlink signals. The operating frequency band is also a high one of 30 kHz to 1 .1 MHz. 
Therefore, the transformer used for a modem may be reduced in the inductance for raising the impedance compared 
with the conventional transformers. Accordingly, the magnetic permeability of the material of the magnetic core of the 
transformer may be made smaller than that in the past and mirror-polishing of the bonding surfaces is not required 
even in the case of a split-type magnetic core such as an EE shape. 

40 [0007] On the other hand, in high speed data communications using such ADSL, the transformer used in the modem 
for transmitting a data signal at a high speed has to have a small distortion of the transmission waveform and noise 
and has to be reduced in the rate of occurrence of transmission error, so a material of the magnetic core having a small 
THD is sought. 

[0008] Therefore, the loss in the AC magnetic field such as the eddy current loss, the hysteresis loss, and the residual 
45 loss has to be reduced. 

[0009] Note that the THD means the ratio of the total harmonics and the noise component with respect to the basic 
signal of the input data at the time of data communication as expressed by the following equation (1), so the THD 
becomes smaller the smaller the distortion of the transmission waveform or noise. 

50 THD (dB) = 20 log (harmonics + noise)/(basic wave 4- harmonics + noise) (1) 

[0010] An object of the present invention is to provide a magnetic core for a high performance xDSL modem trans- 
former suitable tor use as a magnetic core for a transformer of a modem used in ADSL or other high speed data 
55 communication and superior in THD characteristic in a broad frequency band and its composition. 

[001 1] To attain the above object, according to the present invention, there is provided a magnetic core composition 
for an xDSL modem transformer having a main component comprised of MnO: 22.0 to 34.5 mol%, ZnO: 12.0 to 25.0 
mol%, and the rest of substantially Fe 2 0 3 . 
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[0012] In the present invention, the magnetic core composition preferably has a main component comprised of MnO: 
23 to 33 mol%, ZnO: 13 to 24 mol%. and the rest of substantially Fe^. 

[0013] With a magnetic core for an xDSL modem transformer comprised of the magnetic core composition for a 

transformer according to the present invention , the THD characteristic of the transf ormer becomes not more than -80 
5 dB in a broad frequency band. Therefore, the distortion of the transmission waveform and noise in high speed data 

communication become smaller, the occurrence of transmission error can be prevented, and a data signal can be 

transmitted at a high accuracy. 

Note that THD is defined by the above equation (1). 

[0014] In the present invention, if the ratio of MnO in the main component of the magnetic core for a transformer 
w becomes larger than 34.5 mol% or the ratio of ZnO becomes smaller than 12.0 mol%, the loss of the magnetic core 

material in an AC magnetic field tends to become larger and the THD to become higher. 

[0015] If the ratio of MnO becomes smaller than 22.0 moRfe or the ratio of ZnO becomes larger than 25.0 mol%, the 
Curie point of the magnetic core composition falls to the region of the temperature of actual use and the characteristic 
as ferrite is lost. 

f 5 [001 6] Particularly, in the present invention, the magnetic core composition preferably has a main component com- 
prised of MnO: 23.8 to 24.2 mol%, ZnO: 23.0 to 23.4 mor/o, and Fe^0 3 : 52.6 to 53.0 mol%. 

[0017] In the case of this range of composition, the THD characteristic of the transformer can be made not more 
than - 85 dB In a broad frequency band. Therefore, It Is possible to further reduce the distortion of the transmission 
waveform or noise in high speed data communications, possible to further prevent occurrence of transmission error, 
20 and possible to transmit a data signal at a higher accuracy. 

[0018] Alternatively, the magnetic core composition preferably has a main component comprised of MnO: 26.1 to 
26.5 mol%, ZnO: 20.1 to 20.5 mol%, and Fe 2 0 3 : 53.2 to 53.6 mol%. 

[0019] In the case of this range of composition as well, the THD characteristic of the transformer can be made not 
more than -85 dB in a broad frequency band. Therefore, it is possible to further reduce the distortion of the transmission 
25 waveform or noise in high speed data communications, possible to further prevent occurrence of transmission error, 
and possible to transmit the data signal at a higher accuracy. 

[0020] Alternatively, the magnetic core composition has a main component comprised of MnO: 23.0 to 23.4 mol%, 
ZnO: 23.4 to 23.8 mol%, and Fe^: 53.0 to 53.4 mol%. 

[0021] In the case of this range of composition, the THD characteristic of the transformer can be made not more 
30 than - 80 dB over a broad temperature range of -40 to +85 Q C and in a broad frequency band. Therefore, even in an 
atmosphere with sharp changes in temperature, it is posstole to further reduce the distortion of the transmission wave- 
form or noise in xDSL or other high speed data communications, possible to further prevent occurrence of transmission 
error, and possible to transmit the data signal at a higher precision. 

[0022] The transformer magnetic core composition of the present invention is suitably used as a magnetic core 
35 material for an xDSL modem transformer. 

[0023] According to a first aspect of the present invention, there is provided a magnetic core of an xDSL modem 
transformer comprised of the above magnetic core composition. 

[0024] According to a second aspect of the present invention, there is provided a magnetic core for a transformer 
comprising a bottom plate, a columnar center leg risingfrom an approximate center of the bottom plate in a first direction, 
40 and an outer leg rising from the bottom plate surrounding at least the two sides of the center leg in the first direction 
separated by a predetermined space, a height of the center leg being lower than a height of the outer leg by exactly 
a predetermined gap and a through gap of substantially the same height as the height of the center leg being formed 
at part of the top of the outer leg. 

[0025] The magnetic core for a transformer according to the second aspect of the present invention is preferably 

45 comprised of the above magnetic core composition for a transformer. 

[0026] in the magnetic core for a transformer according to the second aspect of the present Invention, the height of 
the center leg of the magnetic core and the height of part of the outer leg are made the same, so it is possible to grind 
the center leg and that part of the outer leg simultaneously by the same grinding step. Therefore, it is possible to align 
a plurality of materials for magnetic cores for transformers together and continuously grind the tops of the center iegs 

so and those parts of the outer legs and therefore possible to perform the grinding efficiently. 

[0027] Note that even if the through gap is provided at part of the outer leg in this way, in a magnetic core for a 
transformer comprised by the transformer magnetic core composition of the present invention, the THD of the trans- 
former in the broad frequency band can be made not more than -75 dB. 

[0028] These and other objects and features of the present invention will become clearer from the following descrip- 
ss tion of the preferred embodiments given with reference to the attached drawings, wherein: 

FIG. 1 A is a perspective view of the shape of a magnetic core measured for THD; 
FIG. 1 B is a front view of the magnetic core shown in FIG. 1 A; 
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FIG. 2 is a circuit diagram of THD measurement; 

FIG. 3 is a graph of the broad frequency band characteristic of THD; 

FIG. 4 Is a a graph of an example of the measurement value when giving temperature changes; 

FIG. 5A is a perspective view of a modification of the magnetic core shown in FIG. 1 A and FIG. 1 B; 
5 FIG. 5B is a front view of the magnetic core shown in FIG. 5A; 

FIG. 6A is a plan view of a magnetic core of an RM shape; 

FIG. 6B is a perspective view of the magnetic core shown in FIG. 6A; 

FIG. 7A is a plan view of a magnetic core of a pot shape; 

FIG. 73 is a sectional view of the magnetic core shown in FIG. 7A; and 
w FIG. 8 is a perspective view of a magnetic core of an EPC shape. 

First Embodiment 

[0029] As shown in FIG. 1 A and FIG. 1 B, the magnetic core 1 for an xDSL modem transformer according to a first 
is embodiment of the present invention is a magnetic core of a so-called "EP shape". It has a center leg 2, an outer leg 
3 : and a bottom plate 4. These are formed integrally. The center leg 2 rises from the approximate center of the bottom 
plate 4 in the X-directlon (first direction) and has a cylindrical shape. The outer leg 3 rises from the bottom plate 4 so 
as to surround at least the two sides of the center leg 2 in the X-direction separated by a predetermined space. In the 
present embodiment, an arc-shaped recessed inner wall 3a substantially concentric with the center leg 2 is formed at 
20 the outer leg 3. 

[0030] Usually two magnetic cores 1 are used. They are used with one magnetic core 1 superposed on the other 
magnetic core 1 turned around and with the center legs 2 and outer legs 3 superposed respectively. At this, time, the 
center legs 2 are inserted into bobbins around which the primary coil and secondary coil are wound. To adjust the 
inductance to a suitable value, a gap AG ts provided at the tops of the center legs 2 of the magnetic core 1 . 
25 [0031] That is, when a gap AG is necessary, at least one magnetic core 1 has a relationship of h 2 = r^ + AG of a 
height from the bottom plate 4 of the center leg 2 and the height h 2 from the bottom plate 4 of the outer leg 3. When 
two magnetic cores 1 are used superposed, there is at least a gap AG. 

[0032] In order to reduce the leakage inductance, the primary coil was divided into two to form a sandwich coil of a 
primary coil (70 turns)-secondary coil (1 40 tums)-primary coil (70 turns). 
30 [0033] The magnetic core 1 for an xDSL modem transformer of the present embodiment shown in FIG. 1 A and FIG. 
1 B is produced for example as shown below. 

[0034] As the starting materials of the main component, Fe 2 0 3 . Mn 3 0 4: and ZnO are used. Further, as the sub 
components, at least two of the following are contained: SiO 2 :30 to 180 ppm, CaC0 3 : 100 to 2000 ppm, Nb 2 0 5 : 0 to 
300 ppm, V 2 O s : 0 to 500 ppm, Mo0 3 : 0 to 400 ppm, ZrO: 0 to 300 ppm, Bi 2 0 3 : 0 to BOO ppm, Sn0 2 : 0 to 3500 ppm, 
35 and P: 0 to 100 ppm. 

[0035] In the present invention, the starting materials are weighed so that the composition of the main component 
after firing becomes MnO: 22.0 to 34.5 mor%, ZnO: 1 2.0 to 25.0 mol%, and the rest of substantially Fe^. These are 
wet mixed, then dried and calcined in the atmosphere for 2 hours at 900°C. 

[0036] Next, the sub components are added to the obtained calcined material and mixed by pulverization. After 
40 mixing, a suitable binder, for example, polyvinyl alcohol, is added, the result is granulated by a spray drier etc., then 
the EP shape is formed. The obtained shaped article is fired at 1400°C in an atmosphere controlled in oxygen con- 
centration to obtain a magnetic core 1 for a transformer comprised of an Mn-Zn-based f errite sintered body as shown 
in FIG, lAand FIG. IB. 

[0037] The magnetic core 1 according to the present embodiment has a composition of the main component con- 
45 tainlng MnO: 22.0 to 34.5 mol%, ZnO : 12.0 to 25.0 mol%, and the rest of substantially Fe 2 0 3 . Therefore, a transformer 
using the magnetic core 1 has a small loss In an AC magnetic field and, as a result, the THD of the transformer becomes 
a small value of not more than -80 dB in a broad frequency band. Therefore, when performing high speed data com- 
munication such as with ADSL by a modem using the ferrite magnetic core 1 in its transformer, the distortion of the 
transmission waveform or noise in the transformer becomes small and occurrence of transmission error can be pre- 
50 vented, so data can be transmitted with a high accuracy. 

Second Embodiment 

[0038] As shown in FIG. 5Aand FIG. SB, the magnetic core V for a transformer according to the second embodiment 
55 of the present invention is a modification of the magnetic core 1 for a transformer according to the first embodiment 
and is the same in composition of the main component. In the magnetic core V for a transformer, a through gap 5 of 
substantially the same height as the height of the center leg 2' is formed at part of the top of the outer leg 3V The width 
of the through gap 5 is made larger than the outside diameter of the center leg 3\ 
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[0039] This through gap 5 is formed by making a grinding pad of a grinding apparatus move horizontally to the outer 
leg 3' as shown by the arrow A of FIG. 5A when grinding the top of the center leg 2' by a grinding apparatus to form a 
gap AG shown in FIG. 1 B. 

[0040] In the magnetic core 1 ' for a transformer of the present embodiment, since the height of the center leg 2 of 
s the magnetic core V and the height of the through gap 5 of the outer leg 3' are made the same, it is possible to 
simultaneously grind the center leg 2 1 and the through gap 5 of the outer leg 3' by the same grinding step. That is, by 
aligning a plurality of magnetic core materials in the arrow direction A and grinding while moving the grinding pad from 
the center legs 2' to the outer legs 3' as shown by the arrow A, it becomes possible to simultaneously process a large 
number of magnetic cores by a single grinding step and therefore process the gaps of the magnetic cores with a good 
10 mass productivity. 

[0041] Note that even If providing the through gap 5 at part of the outer leg 3' in this way, In the magnetic core V for 
a transformer made from the transformer magnetic core composition of the present invention, the THO of the trans- 
former in the broad frequency band only becomes higher by about 2 dB compared with a magnetic core 1 of a center 
gap shown in FIG. 1A and FIG. 1B. Therefore, with the magnetic core V for a transformer, theTHD of the transformer 

15 can be made not more than -75 dB in a broad frequency band. 

[0042] Therefore, when using a transformer using the magnetic core V of a through gap structure for a modem in 
ADSL or other high speed data communication, the distortion of the transmission waveform or noise In the transformer 
becomes small and occu rrence of transmission error can be prevented, so data can be transmitted with a h Igh accuracy. 
[0043] This through gap can be applied not only to an EP shape, but also a later mentioned RM shape, pot shape, 

20 EPC shape, etc. 

Third Embodiment 

[0044] As shown in FIG. 6A and FIG. 6B, the magnetic core for a transformer according to the third embodiment of 
2s the present invention is the same in composition of the main component as the magnetic core 1 for a transformer 
according to the first embodiment and differs only in the shape. 

[0045] As shown in FIG. 6A and FIG. 6B, the magnetic core 10 is a magnetic core of a so-called *RM shape" and is 
provided with a disk (bottom plate) 11 , a ring (outer leg) 12 and 13 formed integrally with the peripheral edges, and a 
slug (center leg) 1 4 formed at the center of the disk 11 . 
30 [0046] Even with the magnetic core 10 for a transformer according to this embodiment, it Is possible to make the 
THD of the transformer not more than -75 dB over a broad frequency band. 

[0047] When using a transformer using a magnetic core 10 for a modem in ADSL or other high speed data commu- 
nication, the distortion of the transmission waveform or noise in the transformer becomes small and occurrence of 
transmission error can be prevented, so data can be transmitted with a high accuracy. 

35 

Fourth Embodiment 

[0048] As shown in FIG. 7A and FIG. 7B, the magnetic core for a transformer according to the fourth embodiment 
of the present invention is the same in composition of the main component as the magnetic core 1 for a transformer 
40 according to the first embodiment and differs only in the shape. 

[0049] As shown In FIG. 7A and FIG. 7B, the magnetic core 20 is a magnetic core of a so-called "pot shape" and is 
provided with a ring (outer leg) 22 and 23 formed integrally with the peripheral edges of a disk (bottom plate), cutaway 
parts 24, and a slug (center leg) 25 formed integrally at the peripheral edges of the disk 21 . 

[0050] Even with the magnetic core 20 for a transformer according to this embodiment, It is possible to make the 
43 THD of the transformer not more than -75 dB over a broad frequency band. 

[0051] When using a transformer using a magnetic core 20 for a modem In ADSL or other high speed data commu- 
nication, the distortion of the transmission waveform or noise in the transformer becomes small and occurrence of 
transmission error can be prevented, so data can be transmitted with a high accuracy. 

so Fifth Embodiment 

[0052] As shown in FIG. 8, the magnetic core 30 for a transformer according to the fifth embodiment of the present 
invention is the same in composition of the main component as the magnetic core 1 for a transformer according to the 
first embodiment and differs only in the shape. 
55 [0053] As shown in FIG. 8, the magnetic core 30 is a magnetic core of a so-called °EPC shape", is Integrally formed 
with a center leg 34 at the center In the X-direction of the bottom plate, and Is integrally formed with an outer leg 32, 
33 at the two sides. 

[0054] Even with the magnetic core 30 for a transformer according to this embodiment, it is possible to make the 
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THD of the transformer not more than -75 dB over a broad frequency band. 

[0055] When using a transformer using a magnetic core 30 for a modem in ADSL or other high speed data commu- 
nication, the distortion of the transmission waveform or noise in the transformer becomes small and occurrence of 
transmission error can be prevented, so data can be transmitted with a high accuracy. 

5 

Other Embodiments 

[0056] Note that the present invention is not limited to the above embodiments and may be modified in various ways 
within the scope of the present invention. 
w [0057] For example, the shape of the magnetic core for a transformer is not limited to the above shape. It may also 
be an EE shape comprised of a combination of a pair of E-shaped magnetic cores, an El shape comprised of a com- 
bination of an E-shaped magnetic core and l-shaped magnetic core, or other shape. Whatever the shape, it is possible 
to make the THD of the transformer not more than -75 dB in a broad frequency band. 

[0058] Further, in the explanation of the embodiments, reference was made to ADSL, but the present Invention is of 
is course not limited to this. It may be broadly applied to VDSL or other xDSL as well. 

[0059] Next, the present invention will be explained in further detail based on examples, but the present invention is 
not limited to these examples. 

Examples 1 to 13 and Comparative Examples 1 to 6 

20 

[0060] As the starting materials of the main component, F^O^ Mn 3 0 4 , and ZnO were used. Further, as the sub 
components, at least two of the following were contained: SiO 2 :30 to 1 BO ppm, CaC0 3 : 1 00 to 2000 ppm, Nb 2 0 5 ; 0 to 
300 ppm, V 2 0 5 : 0 to 500 ppm, Mo0 3 : 0 to 400 ppm, ZrO: 0 to 300 ppm, Bi 2 0 3 : 0 to 800 ppm, Sn0 2 : 0 to 3500 ppm, 
and P: 0 to 100 ppm. 

25 [0061] The starting materials were weighed so that the components became as shown in Table 1 after sintering. 
They were wet mixed, dried, then calcined in the atmosphere for 2 hours at 900°C. 

[0062] The sub components were added to the obtained calcined material and mixed by pulverization. After mixing, 
a binder, that is, polyvinyl alcohol, was added, the result was granulated by a spray drier etc. : then the EP shape shown 
in FIG. 1 A and FIG. 1 B was formed. The obtained shaped article was fired at 1400°C in an atmosphere controlled in 
3Q oxygen concentration to obtain an Mn-Zn-based ferrite sintered body. 

[0063] Next, each of these Mn-Zn-based ferrite sintered bodies were used as magnetic cores for a transformer and 
measured for THD. 

[0064] The evaluation conditions will be explained next. As the magnetic core, the magnetic core 1 of an EP shape 
as shown in FIG. 1 was used. 

35 [0065] Two magnetic coils 1 were used. These were used in a state with the center leg 2 and the outer leg 3 overlaid 
respectively. At that time, the center leg 2 was inserted into bobbins around which the primary coil and secondary coil 
were wound. A gap of AG was provided at the center leg of the magnetic core In accordance with need to adjust the 
inductance to a suitable value. 

[0066] To reduce the leakage inductance, the primary coil was divided into two to form a sandwich coil of a primary 
40 coil (70 turns) -secondary coil (140 tums)-primary coil (70 turns). This transformer was connected to an audio analyzer 
for measurement of the THD. 

[0067] As an audio analyzer, a System 2 made by Audio Precision Co. was used. As shown in FIG. 2, the primary 
coil Np of the transformer was connected in series to a 1 0Q resistance and connected to the terminals t 1 and t 2 . The 
secondary coil Ns was connected in parallel to a 5012 resistance and connected to the terminals t 3 and t 4 . Note that 
45 since a 40Q resistance was connected in series to the generator side of the measuring instrument, a 50Q resistance 
was connected in series at the primary side of the transformer. 

[0068] Data signals of frequencies of 5 kHz, 30 kHz, and 1 00 kHz were input to the primary coil Np of the transformer 
from the terminal t 1 and t 2 to give a voltage across the ends of the primary side of the transformer of 2.5V, while the 
transmission waveform output to the secondary coil Ns side was input to the terminals t 3 and t 4 . The results were 
so analyzed by the analyzer and the THD at 25°C was measured. At that time, the loss of the magnetic core of the 
transformer in an AC magnetic field was also measured under the same conditions as THD measurement. The results 
of tho measurement are shown in Table 1 . 

[0069] As the frequency characteristic of THD, as shown in FIG. 3, the THD at a high frequency is smaller in value 
and therefore more superior than the THD at a low frequency, so by measuring the value at 5 kHz, it is possible to 
55 judge the characteristic of a broad frequency band above that. 
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Table 1 
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Main component composition (moi%) 


Magnetic core loss (kVW 
m3) (5 kHz) 


THD (dB) 


Fe a 0 3 


MnO 


ZnO 


5 kHz 


30 kHz 


100 kHz 


Ex. 1 


52.9 


23.9 


23.2 


1.0 


-88 


-102 


-105 


Ex. 2 


52.7 


24.0 


23.3 


1.0 


-88 


-102 


-105 


Ex.3 


52.8 


24.1 


23.1 


1.0 


•88 


-102 | 


•105 


Ex.4 


53.5 


26.2 


20.3 


1.0 


-86 


-102 


-105 


Ex.5 


53.3 


26.3 


20.4 


1.0 


-86 


-102 


-105 


Ex.6 


53.4 


26.4 


20.2 


1.0 


-86 


-102 


-105 


Ex. 7 


53.3 


23.1 


23.6 


1.1 


-83 


-101 


-105 


Ex.8 


53.1 


23.2 


23.7 


1.1 


-83 


-101 


-105 


Ex.9 


53.2 


23.3 


23.5 


1.1 


-83 


-101 


-105 


Ex. 10 


54.0 


32.7 


13.3 


1.1 


-83 


-100 


-105 


Ex. 11 


52.8 


24.5 


22.7 


1.1 


-82 


-100 


-105 


Ex. 12 


52.9 


25.5 


21.6 


1.1 


-81 


-100 


-105 


Ex. 13 


54.0 


33.0 


13.0 


1.1 


-80 


-100 


-105 


Comp. Ex. 1 


53.4 


35.4 


11.2 


1.4 


-73 


-98 


-104 


Comp. Ex. 2 


54.0 


35.2 


10.8 


1.4 


-73 


-98 


-104 


Comp. Ex. 3 


53.6 


36.2 


10.2 


1.4 


-73 


j -96 


-104 


Comp. Ex. 4 


54.1 


36.6 


9.3 


1.4 


-73 


-98 


-104 


Comp. Ex. 5 


54.5 


37.0 


8.5 


1.4 


-73 


-98 


-104 


Comp. Ex. 6 


54.0 


37.5 


8.5 


1.4 


-73 


-98 


-104 



35 [0070] As shown in Table 1 , the following becomes clear from a comparison of Examples 1 to 13 and Comparative 
Examples 1 to 6. That Is, in the case of a magnetic core comprised of an Mn-Zn-based ferrite material having a main 
component containing MnO: 22.0 to 34.5 mol% (in particular 23 to 33 mot%) ; ZnO: 12.0 to 25.0 mol% (13 to 24 mol%), 
and the rest of substantially Fe 2 0 3 . it becomes clear that the loss in an AC magnetic field becomes small and as a 
result the THD of the transformer becomes a small value of not more than -80 dB In a broad frequency band. 

40 [0071] Therefore, when performing ADSL or other high speed data communication by a modem including a ferrite 
magnetic core of this composition, the distortion of the transmission waveform or noise in the transformer becomes 
small and occurrence of transmission error can be prevented, so data can be transmitted with a high accuracy. 
[0072] In Table 1 as well, referring to Examples 1 to 3, it was found that with a composition of MnO: 23.8 to 24.2 
mol%, ZnO: 23.0 to 23.4 mol%, and Fe 2 0 3 : 52.6 to 53.0 mo!%, the THD characteristic of the transformer becomes a 

45 particularly superior value of not more than -85 dB in a broad frequency band. 

[0073] Further, referring to Examples 4 to 6, It was found that with a composition of MnO: 26.1 to 26.5 mol%, ZnO: 
20.1 to 20.5 mol% f and Fe 2 0 3 : 53.2 to 53.6 mol%, the THD characteristic of the transformer becomes a particularly 
superior value of not more than -85 dB in a broad frequency band. 

[0074] Further, referring to Examples 7 to 9, it was found that with a composition comprised of MnO: 23.0 to 23.4 
50 mol%, ZnO: 23.4 to 23.8 mol%, and Fe^: 53.0 to 53.4 mol%, the THD becomes not more than -80 dB even at 5 kHz 
over a broad temperature range of -40 to +85°C as shown in FIG. 4. Due to this , with a transformer having a transformer 
magnetic core of Examples 7 to 9, the THD characteristic of the transformer is superior In a broad frequency band and 
broad temperature range. 

[0075] As shown in Comparative Examples 1 to 6 in Table 1 , it was found that if the ratio of MnO becomes larger 
55 than 34.5 mol% or the ratio of ZnO becomes smaller than 1 2.0 mol% in the composition of the main component of the 
Mn-Zn-based ferrite material, the loss of the magnetic core material in an AC magnetic field becomes larger and the 
THD becomes higher. 
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[0076] Further, if the ratio of MnO becomes less than 22.0 mol% or the ratio of ZnO becomes larger than 25.0 mot%, 
it was confirmed that the Curie temperature of the material of the magnetic core falls to the region of the temperature 
of actual use and the properties as ferrite are lost. 

[0077] Therefore, if outside the range of composition of the main component of MnO: 22.0 to 34.5 mol%, ZnO: 1 2.0 
5 to 25.0 mol%, and the rest of substantially Fe 2 0 3l when used as the magnetic core for a transformer used in a modem 
in ADSL or other high speed data communications, it is clear that transmission of data at a high accuracy is difficult. 

Example 14 

to [0078] Except for using an EP shape of a through gap structure shown in FIG. 5A and FIG. 5B instead of the EP 
shape shown in FIG. 1 A and FIG. 1B, the magnetic core was formed and tested in the same way as Examples 1 to 
1 3. When the THD of the transformer was measured, it only became higher by about 2 dB compared with just a center 
gap shown in FIG. 1 A and FIG. 1 B. It became clear that even with a transformer of a through gap structure, the THD 
becomes a small value of not more than -75 dB in a broad frequency band. 

is 

Claims 

1 . A magnetic core composition for an xDSL modem transformer having a main component comprised of MnO: 22.0 
20 to 34.5 mol% and ZnO: 12.0 to 25.0 mol% and the rest of substantially Fe20 3 . 

2. The magnetic core composition for an xDSL modem transformer as set forth in claim 1 , having a main component 
comprised of MnO: 23 to 33 mol% and ZnO: 13 to 24 mol% and the rest of substantially Fe^. 

25 3. The magnetic core composition for an xDSL modem transformer as set forth in claim 1 , having a main component 
comprised of MnO: 23.8 to 24.2 mol%, ZnO: 23.0 to 23.4 mot%. and FegOa : 52.6 to 53.0 mol%. 

4. The magnetic core composition for an xDSL modem transformer as set forth in claim 1 , having a main component 
comprised of MnO: 26.1 to 26.5 mol%, ZnO: 20.1 to 20.5 mo!%, and Fe^: 53.2 to 53.6 mol%. 

30 

5. The magnetic core composition for an xDSL modem transformer as set forth in claim 1 , having a main component 
comprised of MnO: 23.0 to 23,4 mol%. ZnO: 23.4 to 23.8 mol%, and FejOg: 53.0 to 53.4 mol%. 

6. A magnetic core for an xDSL modem transformer comprising the magnetic core composition of any one of claims 
35 1 to 5. 

7. A magnetic core for a transformer comprising 

a bottom plate, 

40 a columnar center leg rising from an approximate center of said bottom plate in a first direction, and 

an outer leg rising from said bottom plate surrounding at least the two sides of the center leg in the first direction 
separated by a predetermined space, 

a height of the center leg being lower than a height of said outer leg by exactly a predetermined gap and a 
through gap of substantially the same height as the height of the center leg being formed at part of the top of 
45 said outer leg. 

8. The magnetic core as set forth in claim 7 comprising the magnetic core composition of any one of claims 1 to 5. 
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FIG. 3 
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FIG. 5A FIG. 5B 
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